One hundred twenty pigs (initially 44 kg BW) were used to determine effects of the interrelationship between genotype, sex, and dietary lysine on growth performance and carcass composition in a 2 x 2 x 2 factorial arrangement. Genetic comparisons were made between pigs characterized with either a high or medium potential for lean tissue gain. Within genotype, barrows and gilts were separately fed either a .90 or .70% lysine diet until the mean weight of pigs in each pen of three reached 104 kg. One pig per pen was slaughtered to determine carcass characteristics and chemical composition. From 104 to 127 kg, dietary lysine was lowered to .75 or .55% for pigs fed .90 or .70% dietary lysine, respectively. When the pigs' mean weight met or exceeded 127 kg, both pigs were slaughtered to determine carcass characteristics and chemical composition. Carcass length, longissimus muscle area, average backfat thickness, and 10th rib fat depth were measured 24 h postmortem on the chilled carcasses. The right side of each carcass was then ground and chemically analyzed to determine protein and lipid accretion rates. No interactions were detected from 44 t o 104 kg; therefore, main effect means will be discussed. At 104 kg, high-lean pigs had increased Key Words: Pigs, Lysine, Sex, ADG ( P < .01) and gain:feed ratio (G/F; P < .05) compared with medium-lean pigs. Barrows had increased ( P < .05) ADG and ADFI but exhibited a poorer ( P < .Ol) G/F than gilts. Pigs fed .90% lysine had improved ( P < .01) ADG compared with pigs fed .70% lysine. High-lean pigs had increased CP accretion ( P < ,011 and lipid accretion ( P < .05) compared with medium-lean pigs. Gilts had larger longissimus muscle area and less backfat ( P < .01) than barrows. Similarly, gilts had increased ( P < .01) CP accretion and decreased ( P < .O 1) lipid accretion compared with barrows. Cumulative ADG (44 to 127 kg) was greater ( P < .05) in high-lean pigs, in barrows, and in pigs fed the .90/.75% lysine regimen. Average daily feed intake was increased ( P < .05) in barrows compared with gilts. Differences between genotypes were greater at 127 kg; high-lean pigs had larger ( P < .01) longissimus muscle area and longer carcasses than mediumlean pigs. Gilts also had increased ( P < .05) longissimus muscle area, greater CP accretion, and decreased backfat thickness compared with barrows. Crude protein accretion was greater in high-lean pigs than in medium-lean pigs; high-lean gilts had the greatest magnitude of response to increased dietary lysine. 
Introduction
Growth performance and protein accretion in growing-finishing pigs are influenced by genetics and sex. Selection for decreased backfat thickness and improved feed utilization has resulted in pigs with increased potential for lean gain (Campbell and Taverner, 1988a) . Rao and McCracken (1990a) indicated that boars selected for increased growth performance had increased protein accretion compared to boars not selected for increased growth performance. The underlying requirement to support increased protein accretion seems to be lysine intake (Campbell and Taverner, 198813; Rao and McCracken, 1990a; Stahly, 199 1) . Within genotype, differences in sex also result in alterations in growth performance, protein accretion, and lysine requirements. Campbell and Taverner (1988a) and Stahly et al. (1991) suggested that boars and gilts require greater lysine intake to facilitate increased protein accretion. Furthermore, gilts have decreased feed intake, indicating a need for more dietary lysine per kilogram of diet for optimal protein accretion. Thus, the objective of this experiment was to assess the interrelationship between genotype, sex, and dietary lysine in pigs fed to 104 and 127 kg.
Materials and Methods
Animab. One hundred twenty pigs (initially 44 kg B W were used to determine the interrelationship between genotype, sex, and dietary lysine and effects on growth performance and carcass composition in a 2 x 2 x 2 factorial arrangement. Comparisons were made between pigs characterized as having either high or medium potential for lean tissue gain. Data from two populations were collected to predetermine the genetic potential for lean deposition in both barrows and gilts. Briefly, initial composition was estimated using the following equation (NPPC, 1991) : initial muscle = -3.5 + (.44 x initial weight). Hot carcass weight, 10th rib fat, and loin depths were collected at 104 kg from contemporary pigs within each genotype to determine final composition by use of simple linear regression (Orcutt et al., 1990) . Lean deposition per day was estimated as the difference between final and initial composition divided by the number of days between the two determinations. Pigs with lean growth rates 2 .34 kg/d were classified as a high-lean gain genotype (Stahly et al., 1988) . Medium-lean gain pigs had a lean deposition rate ranging from .23 to .33 kg/d. Within genotype, barrows and gilts were fed separately two dietary lysine regimens. The two genotypes for this experiment were selected based on predetermined lean tissue deposition rates. Three pigs were housed per pen (4.6-m x 1.2-m pens with solid concrete flooring) in an openfronted building with five replicate pens per treatment. When temperatures exceeded 29"C, drip coolers were activated to wet the pigs for 3 out of every 15 min. Each pen contained a single-hole feeder and a nipple waterer to accommodate ad libitum access to feed and water. Pig weights and feed disappearance were collected at 14-d intervals for 56 d to determine ADG, ADFI, and gain:feed ratio ( G / F ) . Thereafter, until the termination of the experiment, data were collected weekly. (Table 1) were used in this experiment based on the dietary lysine estimates proposed by Stahly (1991) for genotypes with potentially high-and medium-lean gain. Pigs were fed a diet containing either .90 or .70% dietary lysine until a mean weight of 104 kg for pigs in each pen was achieved. At this point, dietary lysine was decreased to .75 and .55%, respectively. Dietary isoleucine, methionine + cystine, threonine, and tryptophan were maintained relative to lysine according to the ratio proposed by NRC (1988) for 50-to 110-kg finishing pigs. All other nutrient requirements met or exceeded NRC recommendations for 50-t o 110-kg finishing pigs. Chemical composition of the diets was determined by AOAC (1990) procedures. Amino acid concentrations (Table 2 ) were determined by ion exchange chromatography following acid hydrolysis. aAnalyzed values expressed on an as-fed basis methionine were determined following oxidation with performic acid (Moore, 1963) .
Diets. Two dietary regimens
Carcass Composition. Four barrows and four gilts from each genotype were slaughtered at 44 kg and carcasses were ground to determine the initial composition. Then one pig per pen (five pigs/treatment) was randomly selected for slaughter at a pen mean weight of 104 kg. At a pen mean weight of 127 kg, the remaining two pigs per pen ( 10 pigdtreatment) were slaughtered to determine carcass composition and accretion rates. At 24 h postmortem, the right side of the carcass was separated into either muscle or trim (including fat, skin, and bone) with total weights taken from both components. Each component was ground twice using a 15-mm plate and homogenized for 3 min in a paddle-ribbon mixer. Proximate analysis was conducted on both samples (AOAC, 1990) . From the chemical analysis, the kilograms of CP, lipid, ash, and DM from both fractions were added together and divided by the right side chilled carcass weight to obtain the percentages in each carcass. Moisture content was determined by subtracting the DM percentage from 100%. Accretion rates were determined by changes in carcass CP and lipid between the initial composition and the final composition; rates were expressed on a grams per day basis.
Carcass Data. Carcasses were weighed at slaughter and reweighed 24 h postmortem to record hot and chilled carcass weights. Dressing percentage was determined from the live weight and the hot carcass weight. The heart, liver, kidneys, and kidney fat were removed and weighed. Backfat thickness was measured at the first rib, last rib, and last lumbar vertebrae on both the right and left sides, and the average backfat thickness was calculated from the six measurements. Tenth-rib fat thickness was measured 3/4 the length (centimeters) of the longissimus muscle from the midline. Longissimus muscle area a t the 10th rib and carcass length were determined on the chilled carcasses.
Statistics. Data collected from this experiment were analyzed using the GLM procedures of SAS (1988) . The experiment was analyzed as a randomized complete block, using initial weight as the blocking factor. Analysis of variance was conducted by single degree of freedom contrasts of main effects, two-way interactions, and the three-way interaction (Peterson, 1985) . Each pen was used as an experimental unit for all criteria in this experiment. Each weight group (104 and 127 kg) was analyzed separately.
Results
Growth Performance. Average daily gain was greater ( P < .01) for pigs from the high-lean genotype than for pigs from the medium-lean genotype when fed to 104 kg (Table 3) . Within genotype, ADG was greater ( P < .01) in barrows than in gilts. Increased dietary lysine (.90 vs .70%) improved ( P < .01) ADG in both barrows and gilts. An interaction ( P < .05) between genotype, sex, and dietary lysine existed for ADG during the period from 104 kg to 127 kg. Average daily gain was greatest in high-lean barrows fed a diet containing .75% dietary lysine; medium-lean gilts fed 5 5 % dietary lysine had the poorest ADG (1.00 vs .71 kg, respectively). Cumulative ADG was greater ( P < .Ol) for high-lean pigs than for medium-lean pigs. Within genotype, ADG was greater ( P < .01) in barrows than in gilts and when dietary lysine was increased ( P < .05). Genotype did not influence ( P > .lo) ADFI from 44 to 104 kg and from 104 to 127 kg, but ADFI was higher ( P < .05) in high-lean pigs than in medium-lean pigs for the entire growth period (44 to 127 kg). Average daily feed intake was greater ( P < .05) for barrows from 44 to 104 kg and 104 to 127 kg aA total of 120 pigs, three pigdpen from 44 to 104 kg and two pigdpen from 104 to 127 kg, five pendtreatment. b.90% or .70% dietary lysine was fed until a pen average of 104 kg was achieved. At this point, one pig/pen was removed for slaughter and CGenotype effect ( P < ,011. dsex effect ( P < ,011. eLysine effect ( P < .01). fGenotype x sex x lysine interaction ( P < ,051. gLysine effect ( P < .05). hSex effect ( P < ,051. 'Genotype effect ( P < .05).
the remaining two pigs received .75% or .55% dietary lysine.
than for gilts. For the entire experiment, barrows consumed more ( P < .O 1) feed than gilts regardless of genotype or dietary lysine. Gain:feed ratio (44 to 104 kg) was greater ( P < .05) in pigs from the high-lean genotype than in pigs from the medium-lean genotype.
Lysine intake was higher ( P < .O 1) for pigs fed increased dietary lysine and for barrows compared with gilts during all phases of the experiment. sex,  or dietary lysine) were not detected for live or hot carcass weight when pigs were slaughtered at a mean weight of 104 kg (Table 4) . Medium-lean pigs had lighter ( P < . O l ) chilled carcass weights 24 h postmortem than did high-lean pigs (75.11 vs 77.73 kg, respectively) and also had shorter carcasses ( P < .01) than did high-lean pigs (77.94 vs 81.01 cm, respectively). Average backfat thickness and 10th rib fat depth were less ( P < .01) in gilts than in barrows (2.65 vs 3.02 and 2.43 vs 3.15 cm, respectively).
Carcass Characteristics and Composition in
Conversely, longissimus muscle area was larger ( P < .01) in gilts than in barrows (34.16 vs 29.75 cm2, respectively). Kidney fat weight and dressing percentage were not affected by treatment. Carcass composition was similar for high-and medium-lean genotypes; increases in dietary lysine tended ( P > . l o ) to increase CP and decrease lipid accumulation. Gilt carcasses had a higher ( P < .05) percentage of CP (17.17 vs 15.77%, respectively) and ash (2.85 vs 2.46%, respectively), in conjunction with a lower ( P < .05) percentage of lipid (27.60 vs 31.05%, respectively), than carcasses of barrows. A genotype x sex interaction ( P < . 0 5 ) was detected for moisture accretion.
Carcass Characteristics and Composition in 127-Kilogram Pigs.
Final slaughter weights were similar ( P > .lo) for the eight treatments (Table 5 ) .
However, hot and chilled carcass weights were heavier ( P < .01) in high-lean pigs than in medium-lean pigs (98.59 vs 96.28 kg and 96.81 vs 94.65 kg, respectively). Dressing percentage was lower ( P < .05) in barrows than in gilts. Gilts had less ( P < .01) average backfat thickness (3.28 vs 3.60 cm, respectively) and 10th rib fat depth (3.05 vs 3.73 cm, respectively) than barrows. Longissimus muscle area was larger ( P < .01) in high-lean pigs than in medium-lean pigs (39.10 vs 35.61 cm2, respectively). Within genotype, gilts had larger ( P < .01) longissimus muscle area than barrows (39.37 vs 35.35 cm2, respectively).
High-lean pigs had greater ( P < .01) carcass length compared with medium-lean pigs (84.99 vs 83.32 cm, respectively). Gilts had ( P < .05) longer carcasses than barrows regardless of genotype (84.68 vs 83.62 cm, respectively). Barrows had more ( P < .05) carcass kidney fat than gilts (2.73 vs 2.37 kg, respectively).
Carcass composition was not influenced ( P > . l o ) by 'Genotype effect ( P <.01).
d,eSex effect ( P < .01) and ( P < ,051, respectively. Organ Weights. High-lean pigs had heavier ( P < .01) heart weights ( 
Discussion
Pigs from both high-and medium-lean genotypes had similar ADFI from 44 to 104 and from 104 t o 127 kg; a slight increase was recorded in high-lean pigs for the entire growth period. Thus, the improvement in ADG was a result of improved G/F when pigs were fed to either 104 or 127 kg. These data agree with the results reported by Brown et al. (1973) and Davey ( 19761, which indicate that increased dietary lysine improved feed efficiency in finishing pigs. Similarly, Stahly et al. (1988 Stahly et al. ( , 1991 indicated that pigs characterized as a high-lean genotype had improved feed efficiency, resulting in increased ADG without differences in ADFI. Stahly et al. (1988 Stahly et al. ( , 1991 reported that feed efficiency improves as percentage of lean in the carcass increases. Perhaps this is explained by the increased energy required for lipid compared with muscle deposition (Whittemore, 1983) . Our data indicated that medium-lean pigs had greater backfat thickness and carcass lipid accumulation (percentage of body weight) than high-lean pigs. The increased energy requirement for lipid deposition can potentially account for the decreased ADG and poorer feed efficiency in medium-lean pigs than in high-lean pigs. Differences observed in growth performance from 44 to 104 kg remained evident even at 127 kg for highand medium-lean genotypes, even though a main effect of genotype was not detected in the finishing phase from 104 t o 127 kg.
In our experiment, backfat thickness, lipid accretion, and longissimus muscle area increased as slaughter weight increased from 104 to 127 kg. These data agree with Carr et al. (19781, who reported increased backfat thickness and longissimus muscle area as slaughter weights increased from 68.2 to 138.4 kg. However, pigs from the high-lean genotype still retained superior growth performance and carcass characteristics compared to the medium-lean genotype. b.90% or .70% dietary lysine was fed until a pen average of 104 kg was achieved. At this point, one pigipen was removed for slaughter and 'Genotype effect ( P < .01). dsex effect ( P < ,011. 'Sex x lysine interaction ( P < ,051. fGenotype effect ( P < .05). the remaining two pigs received .75% or 5 5 % dietary lysine.
Although longissimus muscle area, backfat thickness, and carcass composition were not different between high-and medium-lean pigs fed t o 104 kg, protein and lipid accretion rates were higher in highlean pigs. These data suggest that high-lean pigs did not produce carcasses superior to those of mediumlean pigs, but that the desired carcass weight was obtained at a faster rate. This finding is consistent with the work of Campbell and Taverner (1988a) . Increasing energy intake increased protein accretion in high-lean boars compared with medium-lean boars and barrows (Campbell and Taverner, 1988a) . These data suggest that pigs with more lean tissue require increased energy intake for maintenance compared with low-lean pigs. A review by Mersmann (1991) indicated similar findings in studies comparing genetically lean and obese pigs. The increased maintenance in lean pigs was associated with increased muscle mass and larger digestive organs. Increased maintenance requirements in conjunction with similar feed intake can partially explain the difference between genetically lean and obese pigs. This suggests that pigs selected for increased lean growth require greater nutrient intake for increased protein accretion. Stahly et al. (1988 Stahly et al. ( , 1991 suggested that the lysine requirement is approximately 3 t o 16% greater for high-lean pigs than for medium-lean pigs. These data were supported by Rao and McCracken (1990b) , who suggested that high-lean boars (88 kg) require a minimum of 23.1 gld of lysine intake.
When pigs were fed to heavier weights (127 kg), protein accretion rate decreased in both genotypes, but at a more rapid rate in medium-lean pigs than in high-lean pigs. Pigs selected for increased lean growth have an extended lean development curve compared to unselected pigs (Tess et al., 1986; Gu et al., 1992) . By extending the lean growth curve, protein accretion rates are increased in pigs fed to 104 kg. Whittemore et al. ( 1988) suggested that the potential for protein accretion and actual protein accretion were similar in growing pigs but diverged as the pig matured. As the pig matures, increases in feed intake can result in increased lipid accretion and backfat thickness. This is indicated in our data by increased lipid accretion and decreased protein accretion in pigs fed to 127 kg compared with pigs fed to 104 kg BW. Feed intake may have been exceeding the energy needs of the pigs in our trial; greater feed intake from 104 to 127 kg led t o increased lipid deposition. These data agree with findings of Carr et al. (19781, who reported increased lipid deposition as slaughter weight increased from 68.2 to 138.4 kg. In unselected boars, protein accretion and ADG were optimized and lipid accretion was minimized as feed intake was restricted (Cleveland et al., 1982; Campbell and Taverner, 1988a) . However, boars selected for increased lean had a linear increase in protein accretion until ad libitum feed intake was reached. These data suggest that the genetic capacity dictates efficiency of nutrient use for muscle tissue.
The largest improvements in growth performance, carcass characteristics, and protein accretion were detected in gilts fed to 104 kg regardless of genotype when dietary lysine was increased. Gilts have characteristically been considered to have decreased ADG and ADFI with improved feed efficiency (Young et al., 1968; Newell and Bowland, 1972; Shields and Mahan, 1980) . Because of decreased ADG and improved feed efficiency, gilts typically have leaner carcasses than barrows (Cleveland et al., 1982; Bereskin, 1984) . The data from this experiment are in agreement with the literature, whereas barrows had greater ADG, ADFI, and lower G/F when fed to either 104 or 127 kg. Gilts also had greater protein accretion and lower lipid accretion, resulting in increased longissimus muscle area and decreased backfat thickness. Similarly, Siers (1975) and Cromwell et al. (1991) indicated that gilts had greater longissimus muscle area in conjunction with decreased backfat thickness compared with barrows. The data from this experiment are also in agreement with Cromwell et al. (1991) , who reported that gilts fed t o 104 kg require more dietary lysine than barrows to maximize lean tissue growth. This is evident by the decrease in backfat thickness and increase in longissimus muscle area in gilts fed increased dietary lysine, whereas barrows exhibited the opposite effect. Conversely, Wong et al. (19681, Newell and Bowland (19721, and Tjong-A-Hung et al. (1972) reported no differences between gilts and barrows fed increased protein diets with regard t o lean tissue gain. The lack of difference reported by these authors may be attributed to decreased selection pressure for ADG and lean tissue growth compared with more recent studies. However, continued research is necessary to determine lysine requirements for high-lean gilts to optimize protein accretion during various stages of the lean deposition curve.
Growth performance and carcass composition were dependent on lysine intake in this experiment. Gilts from both high-and medium-lean genotypes had improved growth performance and carcass composition when increased dietary lysine was fed from 44 to 104 kg. Barrows, conversely, had improved growth performance with greater backfat thickness and carcass lipid when dietary lysine was increased. The difference in response between barrows and gilts can be explained by differences in lysine intake (23.98 vs 22.20 gld in barrows and gilts fed .90% lysine diets, respectively). Generally, research has indicated that growth performance and carcass characteristics are improved by increasing dietary lysine (Young et al., 1968; Kornegay et al., 1973; Davey, 1976) . Similarly, Gu et al. (1992) suggested that carcass composition is influenced by age at maturity, with later-maturing animals having greater lean content than earliermaturing pigs. As a pig grows and matures, the daily protein retention rate for protein growth decreases (Whittemore et al., 1988; Rao and McCracken, 1990a) . This potential for growth is strongly influenced by dietary amino acids and energy. Research by Stahly et al. (1991) suggested that high-lean barrows require approximately 20.5 gld from 90 to 110 kg, where as medium-lean barrows require 19.0 gld. The data from our experiment support a similar conclusion; lean tissue was maximized and carcass lipid content was minimized when barrows were fed .70% dietary lysine (21.01 and 19.68 gld of lysine intake for high-and medium-lean barrows, respectively) from 44 to 104 kg. Increased dietary lysine in high-lean gilts resulted in dramatic improvements in carcass leanness coupled with improved growth performance. With increasing dietary lysine, lysine intake was increased from 20.09 to 24.97 g/d in high-lean gilts fed to 104 kg. These data suggest that gilts require greater amounts of dietary lysine than barrows to overcome differences in feed intake to optimize carcass leanness. Similarly, Williams et al. ( 1984) suggested that growing boars require .15 to .25% more dietary lysine than barrows to optimize growth performance and carcass leanness. Research by Giles et al. ( 1987) showed similar results; boars required greater dietary lysine than gilts to optimize growth performance and carcass leanness. The literature suggests that nutrient requirements should be expressed on a grams per day intake basis rather than on a percentage basis to optimize performance and carcass quality. Lysine intake needs to be accounted for to fully benefit from genetic improvements for growth performance and lean growth (Watkins et al., 1977; Cleveland et al., 1982; Stahly et al., 1988 Stahly et al., , 1991 Rao and McCracken, 1990b) . This is also evident in our experiment, in which increased lysine intake gave a positive response in gilts and a negative response in barrows in terms of carcass characteristics.
Barrows had increased ADG and ADFI, with poorer G/F' and carcass characteristics. The data suggest that growth performance and carcass leanness can be optimized in barrows from 104 to 127 kg by feeding approximately .55% dietary lysine, which is in agreement with Stahly (1991) . High-lean gilts fed increased dietary lysine did not show a positive response when slaughtered at 127 kg compared with 104 kg. These data agree with results of Christian et al. (19801, who reported poorer feed efficiency and decreased percentage of ham and loin content in pigs slaughtered at 113.5 kg compared with 98.5 kg. Our data suggest that, even though the high-lean genotype has been selected for improved growth performance and carcass quality, the magnitude of improvement decreases as the pig matures. Similarly, the dietary lysine requirements decrease with maturity (Shields and Mahan, 1980; Campbell and King, 1982; Campbell et al., 1984; Campbell and Taverner, 1988b; Stahly et al., 1991) . The data from this experiment exemplify differences between gilts and barrows and high-and medium-lean genotypes, even as slaughter weight increases. Protein accretion rates and total empty body protein were highest in high-lean gilts fed .90% dietary lysine and slaughtered at 104 kg. 
Implications
Finishing pigs selected for increased lean deposition exhibited improved growth performance and carcass characteristics compared with medium-lean growth pigs. Within genotype, differences between barrows and gilts existed; barrows had increased average daily gain and gilts had improved gain t o feed and carcass characteristics. Both genotypes responded to increased dietary lysine, and high-lean gilts had the greatest magnitude of response. This research increases our understanding of the influence of genotype, diet, and sex on lean growth. However, continued research is necessary to determine lysine requirements at various points on the lean growth curve for barrows and gilts of different genotypes.
